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ABSTRACT 





The Internal Aerodynamics Handbook has been developed 

in order to provide a convenient, accurate and reliable 
internal aerodynamics design manual which enables rapid 
determination of the internal airflow effects on airplane 
performance. It also enables the computation of internal 
airflow systeme performance by developed theoretical end 
empirical methods- The scope of the design manual relates 
specifically to internal aerodynamics for the complete 
aircraft speed range up to and including Mach 3.5. In 
addition to the detailed data and methods presentation, 
an extensive bibliography is provided. 
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INTRODUCTION 


Airbreathing vehicles have been developed for much 

of the flight spectrum applicable to their cperation. 
In the twenty vear history of turbojet operation, 
flight speeds have advanced from moderate subsonic 

to Mach 3 and bevond, Recently, new innovations 

have appeared such as high by-pass ratic turbofans 
with high air handling capacities which make induction 
system losses and associated drag more critica’. 
performance items than with conventional turboigts, 
Variable 3-dimensional inlets, trunsiating spikes, 
and transl-*ing cowls are fairly recent innovations 
aimed at propulsion system optimization, lew exhaust 
system techniques such as variable guided expansion 
ejector nozggies, blow-in-door nozzles and I* suppres~ 
sion plug nozzles are appearing oi the scene to 
broaden the spectrum cf perfcrmance trade-off to be 
accomplished. 


A larre quantity of data has heen gathered cn 
airbreathing propulsion system performance. ome of 
these data reside with this ‘contractor in its several 
divisicns, in publications of several gcvernment al 
agencies and of other contractors, In the fieid of 
propulsion, inlet and exhaust flows and their effects 
on vehicle performance characteristics, there has 
existed a definite need tc bring isolated, though 
related, items of data together to be correlated and 
interpreted in the light cf known theory. The effort 
presented herein was develcped as a tool by which 
future design evaluations can be made on the basis of 
a much more complete and comprehensive correlution of 
the Large quantity of existing data than has been 
availabie in the past. 
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The Appendix is organized into six sections and consists 
of tabulations that will facilitate theoretical thermo- 
dynamic calculations. These sections of the Appendix are: 
Appendix A. ' Basic Thermodynamic Relationships , 
ae Appendix B. Mormal Shock Wave Parameters, 
Appéndix C. Jwo-Pimensional Shock Mave Parameters 
Appendix D. Ahree-Dimensional Shock Wave ehalysis , 


Appendix E. Corrected Weight Flow Parameters + 


Appendix F. Parameters For Thrust Calculation, 
jf 








Al 








ay 
— 
Appendix A. Basic Thermodynamic Relationships 
This appendix contains some useful basic thermodynamic 
relationships. Included are: 
a. The ratio of Total to Static Pressure, Pt/P 
b. The ratio of Total to Static Temperature, Tt/T 
ce The Stream Tube Relationship, A/A* 
d. The ratio of Compressible Dynamic Pressure to 
Total Pressure, q./P, 
e. The ratio of Local Velocity to Velocity at 
Mach 1.0, V/a*. 
! 
. 
=~ 











Appendix A (continued) 


Tabulation of: 
Ratio of Total to Static Fressure, Pt/P 


The ratio is tabulated versus Mach number. 
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Appendix 1 (continued) 


Tabulation of: 
Ratio of Total to Static Temperature, Te/T 
The ratic is tabulated versus Mach number. 
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Appendix A (continued) 


Tabulation of the Streum Tube Relationship, A/A* 


The relationship is tabulated versus Mach number. A/A* 

is the ratio of local stream tube area to the stream tube 
area that would be occupied if the local flow were acceler- 
ated or decelerated isentropically to a Mach number of 1.0. 
In using the ratio in a continuity calculation, a correction 
must be made for differences in total pressure between the 
two stations under consideration; i.e. 


(A/A*)o = Ag * Ay / (A/A*)1 Pes /Pto 
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Appendix A (continued) 


Tabulation of the Ratio of Compressible Dynamic Pressure 
to Totai Pressure, Gc /Pr- 


The ratio is tabulated versus Mach number. 


Go /P, is labelled QC/PT in the tabulation. 
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Appendix A (continued) 


Tabulation of the Ratio of Local Velocity to Velocity at 
Mach 1.0, V/a*. 


The ratio is tabulated versus Mach number. 


V/a®* is labelled V/(A STAR) in the tabulation. 
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Appendix B. Normal Shock Wave Parameters 


This sppendix contains a tabulation of some of the more 
important thermodynamic property changes that take place 
across a normal shock. 


Downstream Mach number, M2; Static Pressure Ratio, P)/P 1; 
Total Pressure Ratio, Pt2/Pt} are tabulated versus Upstream 
Mach number, M)- 
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Appendix C. Two-Dimensional Oblique Shock Wave Parameters 


This appendix contains a tabulation of some of the more 
important two-dimensional oblique shock wave parameters. 


Shock wave angle, 9; Downstream Mach nuvber, M2; Static 
Pressure Ratio, P)/P,; Total Pressure Ratio, Pe2/Pp, are 
tabulated versus Upstream Mach number, M, and Flow 
Deflection Angle, e 
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Appendix D. Three-Dimensional Oblique Shocl Wave Analysis 


This appendix contains some tabulated conical flow parameters, 
a source program listing, and a sample solution of the listed 


program. 
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Appendix D (Continued) 


Tabulation of: 
Conical Flow Parameters 


Thie appendix contains some of the more important conical 
flow parameters. 


Shock wave angle, $5; ray angle, $; downstream Mach number, 
Mo; flow direction; static pressure ration, Po/Py and total 
preasure ratio Pto/pr, are tabulated versvs upstream Mach 
number, Mj and cene semi-~vertex angle, 6. All angles are 
measured in degrees. In the tabulation; $, is labeled PHI S, 
» 1g labeled PHI and flow direction is labeled DEL. 
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Appendix D (Continued) 
This appendix contains an Electronic Data Processing Machine 
logic listing for the calculation of a double-oblique conical 
flow solution. This is included in order that handbook users 
desiring to make such calculations may have it available. A 
sample input sheet and corresponding sample solution follow 
the logic listing. 
The required input values are: 
GAMMA Ratio of specific heats 
G Acceleration due to gravity; non-positive input 
allows use of 32.17405 
R Gas constant 
NRAYS Maximum number of rays. 
LOGP Limit on the conical flow solution iteration loop 
GONE Limit on conical flow solution iteration 
4 
we 
VALC Tolerance on solution of conical flow differential 


equation. The value must be large because of the 
very large terms in the equation - 1000 yields good 
results 





VALD Tolerance on the compatability equation for the 
second oblique shock wave 


MLGGP Maximum number of iterations permitted on entire 
conical flow field to satisfy conditions for 
desired free-stream Mach number 


T@LMAC Tolerance ie ey Mach number, Mo snput = 
Movalculated 

TIMES Limit on the total conical flow field iteration 

BETAR Initial value for the wave angle of the second 


oblique shock wave 


@VER Limit on the freestream. Mach number iteration in 
the conical flow solution 

















DINCC 


DVINC 


DDVPHI 


VSURF 


FSMN 
FSTQIT 
FST@IP 
DELPHI 
DELTA 


DELTB 


XIN 


CECODE 


D3C@DE 


N@CODE 


ITEST 


Second derivative d2y increment size used in 
conical flow differential equation iteration. 


Tolerance on shock wave angle in conical flow 
solution 


Tolerance on tangential velocity component at shock 
wave of conical flow solution 


Increment size used in surface velocity iteration 


Initial guess for the second derivative on the 
first ray above the surface of the cone 


Initial guess for the surface velocity in the 
conical flow solution 


Free-stream Mach number 

Free-stream total temperature, degrees Rankin 
Free-stream total pressure 

Angular displacement between rays 

Cone semi-vertex angle 


Second cone angle, measured from surface of 
the front cone. 


Distance from vertex of front cone to vertex of DELTB, 
measured along the cone axis. 


Print indicator - if positive, conical field is printed 


Print indicator - if positive, characteristics of 
second oblique shock wave are printed 


Print indicator - if negative, a two line case 
description will be printed 


Input indicator - if zero, all angles input in radians - 
otherwise, all angles are in degrees 
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The output variables, as shown in the sample solution, are: 

(A) Under the heading - "Solution of Conical Flow Differential 
Equations Using Finite Difference 
Substitution" 


MACH N@. INF. Computed free-stream Mach number 


GAMMA Ratio of Specific heats 
DELTA Cone semi-vertex angle, degrees 
DELPHI Angular increment between rays, degrees 


FREE~STREAM TOTAL TEMP. - Free-stream total temperature 


I Ray number 

PHI Ray angle, degrees, PH1 at I=] is equal to DELTA 
PHI at I=Imax is equal to the shock wave angle, 9, 

VR Second derivative, d2y,./ S92 

vr¢ Value of first derivative, dVr/d¢,, at I+, 
calculated from assumed value of d@Vr/dq? 

VR Converged value of the first derivative on the 
ray I. 

VR Velocity component along the ray, feet per second 

Vv Flow velocity on the ray I, feet per second 

THETA Local flow direction, measured in degrees from 


the cone axis 


MACH N@. Local Mach number 

P1/PINF Static pressure ratio 

TS/TIOT Static to total temperature ratio 

J Number of iterations required to solve the conical 


flow differential equation on the ray I. 
PTC/PTINF Total pressure ratio 
ITERATIG@NS REQUIRED - Number of complete iterations required to 


obtain the free-stream Mach number and satisfy 
all equations within the specified tolerances, 
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(B) Under the heading - "3-Shock, 3-D, External Compression 


Inlet" 
MACH NG. INF. Free-stream Mach number computed in conical flow 
: solution 
DELTA Coue semi-vertex angle, degrees 
DELTB Second cone angle, degrees 
RAY : Ray number 
J Number of {tterations required to solve the shock 


wave compatability equation 
M1 Upstream average Mach number ~ conical field 


M2 ; Downstream average Mach number ~ behind second 
oblique shock wave 


DTHETA Flow direction along each ray, upstream of the 
second oblique shock wave, degrees 


THETA Average flow direccion between rays, up~stream 
: of second shock wave, degrees 


BETA Average slope of the second snock wave segment 
between rays I and I+l, degrees 


DEL Average flow deflection angle downstxc: ‘m of the 
second shock wave between rays I and I+l, degrees 


AREA1 Two dimensional area seen by local fiow from front 
of second shock segment 


AREA2 Two dimensional area seen by flow duwnstream of second 
shock segment - from continuity 


RHG2 /RHGI Average density ratio across second shock wave 
segment bounded by rays I and I+1 

v2/v1 Average velocity ratio across second shock segment 

P1/PINF Between ray static pressure ratio from conical flow 
solution 

P2/PINF Static pressure ratio downstream of second shock wave 
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DPHI Ray angle fram conical flow solution, degrees 

PHI Average ray angle, degrees 

XPR™ X coordinate of second shock wave, located on 
ray I. 

RPR R coordinate of second shock wave, located on ray I 

PTIC/PTINF Total pressure ratio - PTIC = front cone total 
pressure 

PT2C/PTINF Static pressure ratio - PT2C = total pressure on 
surface of second cone 

PC1/PINF Front cone surface static pressure ratio 

PC2/PINF Second cone surface static pressure ratio just 


downstream of second shock wave 


TAS2 Three dimensional area of second shock wave between 
cone surface and initial shock wave intersection 


CDA Additive drag coefficient, Dapp/Pr, A, i 
ADTC1 Momentum drag term 

ADTC2 Pressure - area drag term 

ADTC3 Ramp drag term 

ADTC4 Free-stream momentum term 


The additive drag coefficient was calculated to determine the degree 

of accuracy of the solution. The total flow momentum term was assessed 
on the rear side of the second shock wave. The value of the additive 
drag coefficient demonstrates that the solution is very accurate. The 
value, which should be zero, is less than 4 parts out of 6000 when the 
magnitude of the positive or negative terms is considered. 
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Appendix E. Corrected Weight Flow Parameters 


This appendix contains corrected weight flow parameters, 
Included are: 


a. Corrected weight flow divided by area, W Vox 


versus Mach No, A & 
b. Corrected weight flow divided by area, W v@- 
versus the ratio of total to static t 
pressure, 
€. Corrected weight flow divided by area, w Te 


versus Mach No, A Pr 


El 








Appendix E ‘continued) 


Tabulation of: 


w YO, 
A ét 





where 
W is weight flow (1bs/sec) 


YO; is the square root of total temperature (°R) 
divided by standard temperature (518.688°R) 


A is flow area (in2) 


5, is total pressure (lbs/in2) divided by standard 
pressure (14.696 lbs/in2) 


“he tabulation is versus Mach number. 
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Refer to nace E2 for definitions. The tabulation is 
wersus the ratio of total to static pressure. 
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Appendix E (continued) 


Tabulation of: 


w ve 
A Pt 





where 
W is weight flow (1bs/sec) 


JT, 1s the square root cf total temrerature (VOR) 


“ is flow area (in?) 


The tabulation is versus Mach number. 
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Appendix F. Parameters For Thrust Calculation 





This appendix contains parameters for thrust calculation. 
Included are: 


a. IJsentropic Gross Thrust Parameter, Fg 
PeAth 


be Isentropic Gross Thrust Parameter, Fg 
WeTTe 


ce Specific Heat at Constant Pressure, Cy 


d. Ratio of Specific Heat at Constant Pressure to 
Specific Heat at Constant Volume, 


e. Gag Constant, R 























F2 


Appendix F (continued) 
Tabulation of: 


Isentropic Gross Thrust Parameter, Fg 
PrAth 


where 


Fg is ideal gross thrust (1bs) pe ia gas total pressure 
(psi or lbs/in2), 


Ath is nozzle throat area (in?), The parameter is tabulated 
versus the ratio of gas total pressure to exit static pressure 
for values of the ratio of specific heats from 1.4 to 1.2. 

















Steo*t 2leo*l Breet  OCe*t  6624°1 S6Z>°r Tozoel  Lezert eaz7"t o0°C€ 

14 Je SY 4 oe OE) 4 oe OE © 4 oe Oo OE 4 4 oe OS 4 24 2 2 L7Zz9°T 0°62 

Te2o°l = 9G 241) ZE ZH T O227*1  €224°U OlZ7el  wlzZoel  dIz¥°l SOze°t 1dze°T 961 4°! 9°92 

96le*t Zolr el Lboloe*t Zele*l Bsele*l  Ediv tl  B9Ts*t e9te*t  6Sto°t  *STr*t OSt#*t 4°12 
» 





Se eS SSS ee 


OcTe#°T Stt9*t OTTS*T SOT? *T OCT9*T 0°92 








ee 


Gout v80%°T Slot 0L0%°T +905°T 659%°T 5S99°T 6435°T 4°S2 
67uU%°t €907°T BESS*T CLU7°T LZu%°l 2207°T oT) e°T Itd9°T GCuUy*T 3Gur"*T 965€°T C°%2 


TLEE*T  S96E°T 096€ °T 7o6e°t  B46E°T 246€E °T 9ESE°T o°€? 
966E°1 66R8E eT C68EertT 2eecet tReet ylRE eT 0°22 
6eue°l exec l Steer 52e¢ °T ecse°t Stse°t 608e*t o°Tt2d 























i 2lc°t L9LE°L OFLETT ESLETT PHLETT GELETT 0°02 
ZoLze°t %69€° v LesEe°t 6219C°T TL9z°% ¥99C°T o°6T 


weSE*l OTFET BOSEST 66SE°T 16S<°l e8sEer? a°8t 
OVSE°L TESETT 22GE°T EISELE FISE°L SOvE*T D°LT 


GET eeSet te EN eel 
6%t*T 


SEvE*l  Gere'l Oe2rvecl Jive°t  Oovert  9°9T 

— Guve*t  uoece lt  oveet OLee*t Jore*t OSEC*T  OECETT  GOcee’l BTEE°T BGee°l L6ezEert O°SsT 

LOZETEL «=69GZETT = SA ZEST 792E°1 ESZe°l _lozert oezest atzert sozert  sete*t  eete*l  o°vt 

—~—ERIe*T Tile *t 6Sle*t delet S€1e°t 221e°% od1E°T S60E°T EbNEST DLOET LSHE*t o°etl 
LSIETT «Fo0E°T 8 GOEDETT 8 =LTLE® “1 CysE°l  6862° I SL62° a! DIOZ°T —s¥S7*T—UESZ°T A TS2z°t 02 

6 9682°t or8e° 9zuz° gone*l  cole°t Sttet  @Sle-t o-ltr 





































wele*t  LV0L2°t o99z*t Tz9z*t eS92°T SEszet  919z7°T L6S2°1 BLS2° a°oT 
BzS2°L 6SS2°L «= ©EGZ°T) 0 OTSZ°U = OrZ°T = BLSZ°L LSeZPT ESOT tezet—2Sez*t ee? 0" 6 


. +GLEee* Teee*t veee*t woezst azez*t €szz*t ez2zzel eozzet BAIZ*T | estz°t) S2t2*t O° 


8 
S2te°l 86921 1202°T €%G62°T 7TGZ°T SBoT"T 9S61°T SZ6T°T SORT°T C98T°T TEstet ork 
o°9 




















z ucdi S69tt  ogotet  €29t°t  sest*t LyStet 80ST 1 L9O5T*Y 
Tost Ozel’t sett GoEtT  SOZ2T°L G6e2T°t 2ozTet ~“vstlel vote 2S01°T  6669° 


1 0°S 
6660°T ¥466°T 8eec°l Ocso°t O4z2°T = 20290°T €990°L 9459°T —L6S0°T SE %O*T o9EO°T o°* 
OPIN" CeZa*T Zuzor*t attwoet o2vv°l L£€66°O T#86°9 3%25°0 €£95°9 1256°0 €0%6°0 


ore 
€3%6°D 6126°0 =(9416°0 §=$966°9 SS88°0 $698°O 2268°) Leea°o 9e18°90 etsz°o L9L°C o°2 
ort 























—“ELIL*D OYSL°O tele" 0  $619°O  2279°) 266S°O $89S*°9  5989°0 2807°0 9952°C | *0- - 
— ~~ — 6*0 are ito” =— 9% — GD €°O  #©&=©5=©2°%0 T°CG *0 Va/f ld 
(29NSS3%d WAiOL 13 X VAUV LVOYHL) AG QSOTAIC 1S VHHL SSOBD 
fu anil ~ (2UNSS3Zad ANSIOWY OL ADIVIIGOYIN3SST J3ONVdX2 S3SV9) 
pet Leet healy ge seas! &°*T=vWnd) 


ASAAHL SSOUD JIGOHINIST 


ee ee ee 


























“$ece°)” ~~) hh ELS Se ee ~— —---e 
6Se9°7T 
































: neato! pene pagrarants Fe Te ee, 
SStx°T Isc] Lote*t Ever T GEES*] Stioet Teeoet 9ZEO°T CLEMPT STr>°! O° 
Bleo*l[ VIEy*T FOF ee | Sir ot Tutor fOc7"l__2o29*l_ eczoet  egzyey 6L26°T_sizery___g> 
Size" vL2e° 99'S4° 7 19Zye] dsdo*t eS2r° Be2o°T EoeZoeT RESH*T 9EZH°T 6224°1 0°82 
2227? ° : > 


ye to Aa | 16 ly s 
TeIs*T dito ell ory L4919°1 f9T9*] LSI9°t 2519? LoloeT 2a 9° 
es = : 
Tele*t G2lo*] Téteet 9Tis*t JT V9T oT S65%°T 660%°T 7AO% 97 ALG TY £°G2 
SLowe°l tLJioey 2£9-39°) CFU9T ogg. hen § Lst9°T S9Oo°T LAO *T 9ES4*T H2)4°*T 22548 
C59"? LT 39° They Sug? { Ho6E°1 €O6E°T 2485E°T TSGHECT SL6€°T 


DEGE*T 















T SET>°T TeTort 2°92 





—- —-- 



















uc = 
vv 
e 
om ot 
al 
¢ 
ot 
v 




























6 : 
*T 7SPE°T LOvE*T w7de°T VERE*T G*tz2 


- Tele" eet 
VERE LCBe*tl vcee rl €1Bery 9sBE°T B6LE°T Teze°t ELECT LL2¢€°1 O9LE°T e9LEe? . 















2°02 
-—_ f9LE* 1 SSic*I LOLE°T U7 *T 2ELEct %2L€°i L£TLe°T GylE*] IGLE*} £69E°T GR9E °F a°o! 
S89e°T 62 9e 1 699E °F T99E °] esge° 


1 So9e*T LEIE*T B29E°T O29F °T eT9E°T €dIE*T G°St 


IE° SoSt*l 9usSe*t 








ore 


R24%E°T BI%E eT o°9! 












LS%€E°1 L9%e°T Levert 




















fuve’t dove" Leee’ once y 99 
--_@Ue€°l Weert — sezery 6L26°1 
96IE*l sete 
IVETE Sg 


SSEE°T GYEE*T YECE*T CZEEPT 2TcErt O°ST 
L92E°T YS2E*T 9oZEPT ctze° I27E°T B8ZE -T J6TEST 

I CLicct OSTle*] dole*t veTE°t T2tect Yule? S60E°T CBDE°T B9OCE*T O°EeT 
a £2ue' é 9G¢ 

LEE °T A Z°T 8982 





































a 
if ctd2°t FURS PT 6612°1 C8L2*T S9L7°T O°lt 





S9L2°U Gazi Ted2°r. eta2°q —$092°T az92ey 6S92°1 ceoz*] T292°T znaze; ZBSZ7°T 95°97 
28sZ°legsery 


: sete fucert teeny —Hete| ——RonesN_ Reed Stage feeeat RSET aT 
tze2°1 6%¢te°I S2EZ°T CUEL*I Ll22° . Ble2°T t 







































































L.2° 5 
92ul'I oSeT°T S2ztetouyte] ESST°T «= OT9T°T aust To 9350°l  esetet ye 
Os7tt LUoTT euet tl venta Suct*t e€Ztet ~~ Lett *T 217" C6IT*T Gest? gRene o°s 

-—d86u"l  Zeouel  sesuet — oteyet S49" €699°T 9z99°T Lyset T699°L _s19s*t  gyeaet 505 
¥49EG° $92u°l  9816°T becg*T Thsstt  8t66% a 1za6ey OTLS°D 198% WG eg Z8E6°S ~~ Q*E 
28£6°)  9S26°0 —seztery £868" Zeb Tz 99°., Sovg"D _€leeo 21184 653) 29 *S9L°0 —onez 

WOEL*G  GO5LD uLLe*G BOLI") 8965 %uz996° 8764" = €9UH*) _GGE2*0 *O- O°T 






$°) ¥°C Bey z°c ae °o Vd/fid 


{3408S 3a4_1W101 13f X v3nv avout) aa Q30TAIG 1SfMeHs ssnyo _ 
tii ‘v4 OO a 


3d IN3I1GWY O1 AVIVIIdGDAINIS] JIONVdX3 $3S8V9) 









Newey a7 































oye?) 29e9°] u9ro° 1 ¥oeo*l u"Ue 
Ber7°t 7er7? | Ode7° 4 Scr i Uct** 1 aS ae | Tiel u*od 
CUry* i wbbec Yi coce*i Hoey? 95C97°j ole? vicv7*l o9¢%°I S9¢cr7"l urod 
S97" usc" i yseo°l usd? |] S7C%7"%. lyver'l Yer" l Itc? Yoeco* il Lced4°h yIdo*l uv td 


vdaiv'l S¥ty*] 







































icie*t 


cdéle*t GT197°1 Ul1ls*l u'sd 
wily?) sug? b6U9%) vous? i vsuy?{ cous] LLU9°i liuyv°[ 


SY¥uy el oS$u97°l tSu9"l Vit 
Guu Tt 666k ° t66t°1 vu'tZ 
coor? doors voor" vlor?l vyor | Lyor Ssor°l S4or?] ra Tt) ae | Stoe°l tbéut?l urdé 


vine °l 298° 1 USbe ol 


































hdr ®l cuse'l soir el 2BLe*l vu °bé 
rede “l sede l 2ide*l bic u°6t 
4 ddyre°l wyYr el U99r* 1 isvr7l tour vd 2 ee | SCOP] vest 
cose vobr°1 loserl ciseree°i c9Se 71 CSS ° 294% "1 SES el uv°il 


Sve L97r°1 Yxroe ol v°9st 


2dirc°i Lsdt*l Chir’ l Sy¥ar°l dsac?l ool °1 lyveteerl 
rove “| Soyer ° 
Sces¥e°l Live*l buyer *] 

























set °l 
occr* | vicxl SYurr?l “soer i coer i Cdcr*l uydt*l byxct °l 9ECETT Vcc *l Tlée°l 


Bui? h 
lsut°l L9uc%s vsueerl otur*l scuc?l Tlueti Yobco* 1 C86C° 1 29v0E° 1 2S6¢°1 St6¢* i 




















ucic’l cule lh Veuve? I SY9CT 1 v7 PU Levert 8U9C "7 l 
bosc*i B9Ysc*l Bosch Lege Yuse*l bboc*l 992° i c77c*l bivd*l Zore*l virc*t 


bbsd° uv 
& 
2dte*l uSt2é°*i eele°l uv 
u 
u 








ecle*l Souc*l ayuc*s Crcbe?i ulud*i ubol°l usol*l oloicl dval°l Sodl°I 

















S*u 9°u wou c°u teu 
(4JdMSS3dG TWWiud 440 & VERN AVUOhL) Ad USQTAIO iSNdHi SSOUD 
sat Bd saNaidnV UL A dUSiNG 3G dX 





OR Reece cate near Wha aR eden ts oe eR cee ce ty led 


























be eee 
ouyy?[ suyvy?] vue? | Yoty*] vue 
tor L__vyr9t Vote l_ ssee?l ropes | w Py 
Cctv eth y* if tleoet HERG] Ree vi uey 
@.1 es 





| ie 


v0do°] O°S?¢ 








9S14°T Tsl9*] S9in?] u°Seé 
Sb6u4* 


LOU? 7 LuO4°] Vie 74 


Sdu%*] vee 





. c Sler*l uv 
{RST BR ah) Sea 


vVs9r°] USILE® 













trod? ] ¢ «° . . dInc-i Cube *] evic°l ull 
 ebhes $$4c°1 us i ; : 


S19¢° i sod’? v*ul 


ar eer ors etree 


iSlég*4 7eic® I 












UbYn °U 
4 cht 


























CSo%*] Boy? 































L°G 





L99e°{ LS79°T 





































Tn Ne 





veree*l 





Sloo*l Tk eyet 








ee 
waoy°T 




























































































































9241 2257°7T LI7oe*t 9° JE 
‘Leo*t loot eCeert — oieert G6€%"1 Sokol opto  seeel ieee?t — azeert pl beet N62) 
TL€¢°] L9ED*T 29EH°T LSt%°I Z2SEo° Bveeorl toEo°T BCEoet TEE T R2ro°T CZ7ES°T o°a2 
mai 4 be! BIES*T Ele el Rory? E%o°T H627°T £624°1 BRZ5*] EQZH*T RL24°1 €L27°1 312 
C429°T L9295°T 2929°T £62>°T 2624°T 9929°T T¥eo°t 9E24°T CE25*T G2Zm eT 61Z29°T 3°92 
HTS yt 91Z>*T BCZH*T €uz7*1 L61%*1 Z619°1 ORT9°T 1814 °T Giloet S91 °T C91 o*T 9°S2 
LIT ¥*] BSI7°T ZS 4° T 9919°T Wot velo? B219°T 2219°T 91is*! wlte?t HOT? 3°92 
vulo?T 86 )o°T 2659°T 96U97°T IEOo*T 9L07°T L£9G4°T 199%°T GSI9°T Re I6*T 24%? N° ¢€2 
C939°T SEd¥*! 62391 ZZ2u4y*I ee 6Guy*T ECSY*T 2666 °T 685F*T ZRSE°T 9LSE*T 2°22 
SLOE*T 690E°T 290t *T GS6E°T B%6E°T To6E°T 9E6E*T L26€°T 6I6E°T 2T5E°1 GNSE*T d°T2 . 
SS6E°T 868E°T U58E°% €8be °T QLRE°T e98c°T GIBE*T CSec*t GoRect RERE°T GERE*T 0° 92 . 
EGET 2Zueel —ogtyeey I ae | MOLE*T  G6LE°T  284E*T  eeeet_ ooze RGLE PT 6ol€°T  S3°6T 
oFLe*T Tote *T ZELEST ¥ZLE°T STLEST LULE*T G69E°1 SIE °T TE9E*T ZL9E%1 €99F*T 5°eT : 
e99EPT oS9E*T G79E*T GEGEST 929€°1 LI9E*T 809E°T COSE°T SRSE PT 5LS5e°I 69SE°T o°Lt 
o9SE°T O9SE*T OSSe*T Coste *t JESE*T G2SE°T OlSEe?t 66%¢ *T Ob4E°T SL4E*1 BOE *T O° ot . 
BIYE*T 8S%E°I L94E°T Se5E°T SZHE°T oT%e°T EGXE*T ZOEE° TSEE°T SIECTT asee*t 4°ST . 
_bSeErt 9SEETT StCE*T €2EC*T THce*l eezert  zezert — aazert 292E°1 SZ2eE°1 LEZE*T Pot 
" £4€2€°L eo 2@eeel TIZE°I BoTE°T SHTE*T CLIE*1 RSTE°T SoTe ct T€ElEe*t LTTe°t €STE*T O°ET . 
_eale*t 68IE°T GLIE*T T9L€e°1 97 ye°T TECE*T 9IOETT Toe *T 9862°T 9252°T 6S52°1 O°7T 
SS$62°T 6£62 °F €262°T L902°T T682°1 7L8Z°1 L£682°1 S7a2°T €2ez°t 9782°T GRLZ°T ort 
UELZ°T =OLee*t esi2*t—see*t siiet 9692°T = LLOZ*T GS9Z*T REDS T Atae*dB6se21 0°T : 
voSz°T B4S2°T = kGS2°T 9tS2°1 S1S2°1 642° U  ULe2°t 66 e2°t oz yze EM2°*T ORES *T 3*6 : 
vBEZ*T 9SES°T ZEEZ*T 80EZ°I €822°! LS2Z°T ZEZZ° 1 GEZ2°T 6LT2°T 2S12°T o212°T o°8 Se 
¥212°T 96 92°T £902°1 vECZ*I 6eu2z*T BLET°T d+6oT°l 9T6T*T yRuT eT Is3t°t &TRT°T Je 
AIGT*T SULT°T O¥LT°T €LLI°T LLIT*T CoOT*T 229T*Y €9G6T°T E2ST*T Z2a5T°t TooT*t 2°93 : 
lee lt BOTT oSET*T oGEeT*T E9Z2T°T GIZ2t°T 29TT*T LTItet SO3T*T Z2TIT°T £G5°°T ues 
£960°1 Tuou°T €9780°T €bL9N°T Z2L9°T 8S90°T Z6S9°T €2Su°! 2So0°T 6LEI°T 2CED*T 0°» 
20E3°T €229°T Ovturt osu0't $966°9 TL£86°C €LL6°)) —5L96°S) 79669) ~— AHR *G Q2z6°S =a 
HCC6°U TuZ6°G Lub 8G SG 266° 7LL9°9 _2198°G BE*uen 2578" CSR ty st 32° 1662°9 3°2 
lo6s2°O = LEEL°GStUL*S ~~ LGL9%% 9EEI°O = B0HS°D)—S09S°S be? «91 DE°) ~B152°0 "o- urt 







9°) S*U °G €*) z°9 are "0 
(3UNSS3Y¥d TW1IOL 13f X V3uV LVOWHLD ABD QIQTAIO LS4yHd SssOND 


Vd/fid 
(24NSS34d LNITAWVY OL ATIVITdOUIN|SI JZONVdX3 S3S¥9) . 





€e°lzvawy) 




















¥8ee°T Ose" Sivy’t TL99°l 99%4°T 29949°T SSr77°l CSo% °T 647%°T 













































































































0616°0 9S$06°C 5168°O 2918°0 0C98°0 9248 *0 £26 °O 
@251°O slci°o 2202°0 $6499°0 €cc9°0 $ous’o €6€S°O €629°O £60%°0 Z162°9 


a 
























0- 


orf 








997° b€o%°l O°0€ 

CE%el — SEFe*T --OFSe*l 9Z5o°T 127e°l viel 2ive?i L044 *L ~—o 20991 —OE M1 ___—E6E**T__0° 62 

CO€v°L Sst l CGEF*T BLev°l PLErl O9€7°L VIET T OSE4°L %SE4*L byer"T veert 0°62 

SoCv*l  6£eo°l o€E¥*l  6ZE9°1 60r 4° 624° . 

€CO29°k  OSZ°lL cBcol Lezyel  ek2v*t  9929°l 929° 9SZ¥°L OS2¥*T Sezv°l § o€2>°t 0°92 

GEZe°u  oteo°l @czeel devel Ltevet  ley*t SO2e*t OO2@Y°T S6Te°t weIe°t zety*l ors2 

ZOTH*E LATS T Late? =S9Te*t  6STo*l ESTo*L doth tyteet Sete  6219"t = eZie*t__0°92 

C2Iv°t Litev?l Ollys?t vOTY°T 360%°! 260%°T Ss809°T 6L09°I 2io0¥°l 990%°T 6S0%°T O°eZ? 

650%°L 505°  940%°1 005°: E£0%°L  9204°1 O20%°t _E10%°L 900% _o6se°l Z2o0t*l 0°22 

Zobe’L  SB6E°L OLOETT TLOE°L F90E°T LS6E°L OSOE°L COe°T Yeoh BZ2HE°I TZ0E*r 0°12 

Tzoe*t lect GO06C°t G6BE°T Teel seeeri Severl B9vE°l T9VE TT ESBETT S7BETT 0°02 

GoBE*T LEBETT OZHE°T UZHE°T EVBETT Suacct soecel O8tErl OBLE*l  2cdEeel 79LETT__ _OvOL 

PPLE SSLE°L  AvLE°L ELE°L OZLE°L IcLE°l  ZULE*E EOLETT FEdETL SB7ETT GudErT O°6T 

QLIETT LOVETT BSOETI 649E°T GE9ETL OF9ETL IZ2y¥e*t 119e°T  109E° Zose°l__zuse*l__O°2t 

ZOSE°L Z2dSE°E ZOSET 2SSe°h 2HSE°l ZESE°T ZZSE°T TISE°L TOSE*T Ob%E°1 = OBvErT O°9T 

OSVE’T O9FE°T GSHETL LOHE*L DEHE*T SZyEel HIveel COMTI Teeerl O8Fel BoEET O°S1 

OOGET Seer SHEET EetErL IZEETT _oOkerl _Lozert__BZET _Zeze"l _oszel — 9azert_ _orsl 

Qeze°k CEZE°T O22E°L 2OZE*T SOLETT Tetet s9tect ESie*l Ovlet 9zZtert citert Orel 

ZUVE*T = LOOE*T  =EMOETT —S9OETT = SOETI —GEOETT — ZOE _O00E*T _eboz*1___ds2z*1_ 290e°1_O°21 

Z9OZ°1 HOLT —OLES*1 ~~ EToc*l LOBZ*T OBEC°I C9BZ°L PBZ*L SceZ°L Ttez*t veez*t O°tt 

Oi2°U Ohde*l  LShe°t O€4Z2°E O2LZ2*T WOLz*t zesz°t E99Z*T EMOC*T EZ9Z*1 «=-Z09Z*T = OP : 
— ZO9Z*T—AWSZT —AGSZTT —OWSZTL__—BTSZ°T ko eZ*L «vke27L) 2S7e* A ezTT OMT TBEZTL OTH 

ZeE7*L  GSEz°t SEEz*T OLEZ*E SeezZ*l oSzz*l EeZ2°E L2OZZ*T OBIzZ*T EsTZz°l = sztzri ae 2 

G21Z°L 260291 ~—sw9GZ°T—BEOZ*T ~—OOZ*T BAIT Lo6T°T Set  Cwulel OSalrl _stet*t__¢ O° , 

clel°t 2@dt°k  2odt°U  eVatet  Saotel veal?  G6St°l O9ST°T O2ST°T oerirl cevt*t 0° , 
“—Test*t seet°d  OStT°t  SOet*t  oSzt*t ti2ztet zottel ZTIT*l OFOI°L LOOI*t zZSe0°l Ors } 

ZS60°T SO8O°R LEwOTL 2440°L =STLOTL _TS90°T __S8SO°T _9ISO°T _SevO"T__TZ€0°L__ -vOZO"T _O°9 | 

¥oZO"L  STZO™T  Zt1O*l 97OO"L Sseo0 196670 L9LO7O 099670 TSu5°D LE vH"0 i TEO"O OE 2 

L1€6°O | 





“1 6°0 9°0 L°0 9°0 $°0 ¥°0 £°O 2°0 eit 


(39NSS33d INJlenVY O1 ATIVIIdGOWINSS!I GIGNVGXS S3SV9) 


BVAILIWVUVS ASN SSOWUD JIGVSINIS! 


1°0 | 
(3¥NSS3¥d W1Ol 13P X V3UV AVODHIL) AB GIGIAIO ISNwHs SSUYD 


t 


1 


*O. aCe yee 


=VWWV 


Vd/Cid 








(Shae 12 So" 1 __ tee" yoo" 159° 606921 _ca6e*1__665°1___966*1__Ihbe*}_9ahee] _orgg 
9Rey°T CBve°l Lioort re L99¥°T E99H°T 8See°T €Sey°T Seoy°T Cooy?T BEv*T 0°62 
Se eeel—_éoe°l _b299°1__o2o5°1 _6loetl__sloe2l__62521___s0oe2l__6666°1__Coen*] pach *t_0°92- 


BEro°y EBC e°T 8itoel €Lev?l 89E%°T 29€ 4° LSE%°T 2SE%°T L¥Ee°T TreeeT Et oeT O°l2 
had e e ° Cory b0¢ e ° e ° e e bd 









































: *1__BSZo*} 62 %°1-_9%24°]__Gbzb*]___ GE 2H°} 22°) sg zee gg 
C2e4°7t L129°1 TT29°T SOS 7°T 66T7°T color t IT oe Gelte°t SLT9°T B9Te°T Z9T eet O° 92 

: - ° : . 9elo*1__OClo*l_¢219°l_iile*l ollp*] cope] egyey nee? 
L669° 1 G609°T C8Q?*T LLGy°T VLGo°T €909°T 9S50%°T 67I9°T 290%°T GEO7°T B20%°T 9°22 









*t_1 166° 1 —_696€°1__1ose*1  ¢ogeet cares}  sigeey geg2 
Luee° O78E"T =8I9BE"T ESee*l SeBesl Leserl wzeerl ozeEecl TIRE" ECOBE"I S6E°l  O°el 
——¥OL0*1_ogue*}__izucet _goic*y _ecucer osyeey  zaseey —zeye23 cage 

SULE° 9O9E*T = 9BTETT «= LLSETL «= LOGE*T «=o BS9E*T)=oB¥OE*T BEES 629E°L 6lze°l «BOE oul 















































J9%E*T_bose*]___atoe°l __925¢°]  _bipeot coeeey teceey gece 
Tece°t 6LEC°l L9OCE°T SStt*l €vee°t Oece*l SIcect Soce ct 262E°T OBZ °T L9ZE°T o°4T 
e % e e é e O2E*1 98TE*t ZLIEST RGIE? e e ° 
SS0E°T GHIE*T 923 °T 6G0€*T €652°1 LL62°T o*2t 










SiZ°4__ter2°t__ 2g 2° g6022t___ 292°) ecoze 
Zi9z*t 16SZ°T O4S2°t S9S2z°T 92S2°1 70SZ°T C897°T 6S%2°T 9Eo7°T 2Te2°t SBEzZ°T 0°s 

, i . £922 °1-_ 1 €22° 1 __)122*1_€91z*1  _coi7*} p 2t2e) edge 

LZ1Z*U_ = HHdZ°T =O 9UZ*T OLOi°T «= LvOT*T «= STOT*L) «so 288TST)«obbaTet STATS 









O762°1 693zZ°1 





















T%60°T *e80°T 








10° : 66°0 _€486°0 _»516°0 _396°0 _tece* : : : 
7€06°O 16860 8EL8°0 





9626 6916°0 9L4S8°) 22348°U 91cB°O = ZTOR*O =e ZHLL°G = ZSSL°0 o*2 





(JYNSS3¥d WWiOk 13f X V3NV AVOUHL) AG GIGTAIO iSnwHL ssous 
rename A IBAS SING INITSWY OL ADIVIIGOWINISI 3390NNGX2 S3SW9) 


OC °T=VWHYS 


nn MALIN SOMME SSOUD DIdOMINSSD 


, 


3 79° 


Bm. SuResincinces vA A Sani rabiaeede ee ree TR ie ede Te te te PEE ea Rd Ro Ad FGM HE ER gtd Sabo tas dese 








Soon Doe ES rg 























olS5°t 09S%°*T GvCo"T 






JIGe*T GSS7°T 


TSSo9°T 99S4°T 


















T9S4°T 9EG7°T SE 
9ES%7°T ZES¥*I 42s 2ZS4°T Lis7*t Z1S7°T LISe*I ZUS4*l Loe T Z649°% LB75°T 2°62 
ise 2ueo°t 11979 T 2i%971 L999 *T 294%" 1 LS99°T 2S554°1 9o94°T T4>o°1 9295°T 2°82 
Te a ee | TEoe°Tl «Ss 244*1 LZ97°T Sl7o°t 6659°T A ie | S6ES*T €6E%°T AQESST 28e5°% 0°12 

“~~ Zeeer ly Lito’ eo oSCo°T 67 9°T toto l Zeeot Teeo° 9 





ole BIL T CUto* I 9629°T U06¢c49°T 7Bco°T BL27°t CLe27°T 99¢e%°T a°Ge 
9925°T 0929°T ¥S29°T Bo2o°T Toto°t St2y°T 6229°T €2c7°Tl 91Z4°I VWS4°T el2oet 9°42 
tuze*T L6T9*T veTo*T vete Tt Litoy Tite 99teet ist%*T 
Letty’ 1 LeTo°t €Zto*t GITeet 60TY¥"T CUT? tT S&0%°T BEIoTT Tvu9°l L947 °T 


TSTe*T 
vetu??l Ofu7® EZu%°T ST0%°T 2Gu%7°T GIO7°T 


















£9:34°T 0°22 
269E°T o°t2 










696E °T 196 °T €S6e°Tt S%76c°T Lese*l 625¢° 1 T25e°T else et 0°02 
clec*l yUoe* I JOYE*T G8EECT lee? Tiger Z9BEPT |__esre et SoREetl 9EBE°T B29E°1 2°61 
OcveT STve*T Jteet Tore et COLE TT CBLert wLELErT eSLe°T ssit*t 9 


Sole °T 9eLt"l o°sT 
9ELE°T 422€ °1 24tde*t budt *T 869C*T SEIEPT SL9IETI BIDE PT BS9E°T BFE °T BEIE*T Lt 


9eset*l SiSe°l 99Se°l %SSE PT €%Se°T 2Ese*t 2°97 























































“SESE Ucse* louse test 1 ouse GLOE*T €9%eci  eSvert Oove*t 3=82eET OT+e eT 0°ST 
91¥E*T SUE °1 TOcEe*l OLEET 99LE°T ¥SEETT THEE°l  Bzeert GSIEF*T Zncert 68Z2E°T oroT 
~@B2e*t S£et*t 297c*l  eegery SEze°t T2Ze°T ~—zozecl)~ ke tett))©6BLTETT e911 *T bo Te *t 3°eT 
orlert SeIe*l olle*l suUlect 68uC eT Lue el BSUETT 295€°1 9Z7UE°T olde *T %662°1 v°2t 
~ e60e"T  Trec*T  t9e2*T seer *t~—CTee* Tee tebe liane 9682°% wee? ST) OUOzEe eT ott 










Oder t Tusa" tT Zeke* tone v7LZ°1  oekeet soez*t SROZ*TOCS 2° 2 































*992°T -€4992°T €292°t JST 
€292°1 1c U8S2°T 8SS2°I 9eS2°I e1Sz°t To9z°*T £4 942°T %ooZ2°T 322° 9ot2°1 2°%6 
~ FeeeT TLESN°T) 94ST TZEeN*T GO¢Z°1  o9z2z2°l) 242257 ST2Z2°l Lete*t oSt2*T TETZ*1 o°8 
Tetz*t Zul2* : ZL02°1 ZH9OZ7"1 T1d2°1 vBel*t 8711 9ISt°t egRict boRTT ST6I°} ne | 
v : SS TISt*t 92oTT 79 
To) Oe er iS Oe ey oS 2 08 eee 4 0 ee oe 1 oe oe Ge Oe a eh ck Tk a a 7s 
TeE00°! oL2Utt STsb*T ESLO°T u699°T S293°% 8SS0°T BARTLET 9T9G*l T7EQ°T €9Z9°1 3° 
~F9ZG° CelurT Feud T1LOG*T 6166°9 %286°G  SZL6°S ~=—d O29 *°USCOL SESS 9B ES OD 4126°9 o°¢ 
¥126°U0 97 T6°G T1ue°9 = 8 986 °0 SILE°< 2S668°G) = LLEBS =—s HRTBSD L86L°G L944 °0 £262°) 2 
Test vu t97r°0 cle £2e9°0 9978S°G S%xrS*0 6EL9°e “o- 7 3°T 
: 6°U aU Z Y°u——(<C”~<“Csti‘ MD t°o ~ 2°0 T°0 a vd/fid 


(3HNSS3Md VW10l 19F XM V5UV AVONHI) AM GIGIAIO 1SN4HL SSOY9 
a UTSUNSS 34d INSToWY OF AVIWOIIdOWINGST TSONVGXD S3SV5) aa 


8c °T=VWWYD 








wT 











|e ee 
a 

& 
ts i a a ts 
-—1199*T 90991 1094" 96ST 2654" 28Go°T —-28S5°T Oo ALGo TT eLSe eT 89S = 9S%*t ~—0° OE 


— E9S7TL BSse"l  eaS4°T BeSo°l ~~ EeSy*t ESe*T ~~ EES”*T  8zSe°l ezoo*l BISh*1 €IS>*1 0°62 
: L1S%7*t 80S%°I €OS¥*T 8697°I Cort LO97°l = 2B HPT Lloret 2277°L = 99471 T9%%°t = 0°82 


UW 59"L 9S99*T OSe* 1 Some8T  Obbe 1 oE%y*l  O2oo*l  c2eo°l Bloetl ~~ ZTee*t —-LO¥eet OL? 








’ L074°T T0947" I SoEY*T O6t?7°T 78Cr7"T BLe9°T tLeo7*l L9C4°T U9eo*i SStr*l 64t 7? T 0°92 










a OE ee Ea ASE GSE eee? = =—OP 9S 
_ 6%ee*T Cocyel Btey°l 2EEo*T 92E%°T O2eo°T aS Se | L0E%7°T lOEy*t S6¢%7°l 6bCr°T O°S2 


682% T C8271 L4L2o°T~=—0L29*T 7929°L = BSZH°T lS2o°i G42e*l)~) oe eeet Ze27el 9224°1 0° %2 


Fee" otév"l  Zi2y*t 90%y*l bol y*T — ZeTe lB etl odie 2k eel sate th —estoh —orez 
BSte Ll UST? T wettest Leet OTe —eZLett~Otle*t  e0le*l 205°! cade*1 280° 0°22 


480%°T O80¢%°T €L09°T Ss909%°T 8S07°T 0SO%°*T L709" T SE0¥*T £c09%°t 0297" ZT0%°T orld 















































210%" 900%°1 966E°T —seoett _oBec*t —_zz6e* 496E*T GOEL = RHOE*L ~—OOHSETT —Ikee*l 0°02 


Te6e*t Cz6e°l Sloc°T 906E°T Bosc rT overt O88e*i CLUC*T CIBE°T 


7G6E°T S*HE°l O°6T 
SeBE*T GEBE*T  sZee°l BIBE’T GOOHE*T OOSETT  TOLE°T Taee*l 222€°1 2926°1 €S2t*l Ost 
ESLE°L = EKLETT «= HELETT —oZLE*T OO SILEST ~—OLe*T © 969E°T ~~ B9E*T osde*l  599E°]  oS96°. O°LT 


7S9E°T E7IE*T ce9erT fc9EPT cU9e*T Loge *T O6SE°T Sdsect B9SE°1 LSSe°l 94¥Se°T o°9ot 
































_._97St*l_ _SESE*T E2SE°T ZISE*T —OOSETT =U ETT —LLE*T SOME SHEL = Lobe*l —ozeeet O° T 
Ocve"t —Atye*T Ove TT ZOEE*T CGLEcTT ©699EETT © SkETL ~sTvee*l~azee*l”»6ovtce*l”»~38CLOLE TO 1 
VOCE"  L82e°l vezert  o9zert ozerl__ZezE°T aw IZE*1__ Otel SH Tet STE’ _—O9TE'T OE 

PTET —Sole*T  OETE*T STIe*T ~~ ee0ert ~©— puOE*T ~=B90Eel 250e*l  9t0e°l  ozoe*l COct*T O°21 




















St62°T 
















_ 8282°T — ©08Z*T—OHLZ*T Lk azet 








; Toa2°t_ Wee2°t_ Tte2°t_1692*t ze2"t og azei 92! 
629Z*T—4092°T ~—sSusz*t e992" Tvs2°l = B1S2°L S642 °LZkeZ*l Oe 72*T 22 °t 002.06 
OOv2*t  sie2*l  Osez*t  »2ez*t eozz*t__ zezzrt _—Sezzet_stzz*tl__oetz*l_z9iz*l__—se€iz*t ote 
CETZ*L = =FOIZ*t LOZ*T —oOz*TETOZ*T~—OCLG61°L «~=—oye1° ~=odTol°l €b&I°l  6¥al°l sTal*l Oo 
SUSt'L Oect*t evdt*l 9OLT°T =—o99T*l OL9T*l T6eSt*l ISS1°l 60ST°L L9¥l°l e24I°T O° 


-_vevU't OveT*l  SEET*T seziet [rztel  Zelt*t zt t*t —ooot*t —z€0T*l 2869°1 9260" oe 


S 

9260°T = =—6980°T =—6080°T = BYL0°T —vRGO"T G190°T = ISSO*T ~=1e¥0°l  BOv0°l  €czd°l SS20°l O°% 

--$SE0°l__véTO°T_ _0600°1 —2000°1_ —st166°0 — ST86°0_—STL6°0 —i0196°0 ~—sd10S6° ~—SBES°O 92670 sO“ 
¥926°0 = 9E16°0 ~— -0006°0 «95880 ~~ €028°N ~~ sOS8°O0S9EB*O LLTB*°O ¥15L°O  9S1L°O  €1SL°O 0 
CISL*O _6%22°O  4569°O ~—0E99°O ~—6SZ970 ~—EEBS°O ~=—EEES°O = BL 4°0 = aS6E*0~—sSz8z°0 *0- 0° 





























































| 6°0 8°0 2°0 990s §*0 7°0 £°0 z*0 T°0 0 Vd/fid 
(3YNSS3ud TWi01 L3f X V3uV LVOdH1) AY O30IAIO 1SMdHl $SOud 
. __ _43YNSS3Yd ANZIGWV OL AVIVITGOdLN|SI JIONVOXR S3SV9) 
Lz *t=vnwv5 


UBLIWVYVd ISNYHA SSOUD JIdOBINIST 
EST Sh hk 3 UC) JIGUUIN SS 








a ee ioe § 9L997°1 62997°T 9299°1 O294°T S199%°7 O199°T S094 °T 009%°T 
E] 





O° OE 
‘3 


749°] 





G6So°l O6S¢7°T 
7 5" 3 
%2o4°T ofSo*T oISe*T 60S%°i £OS%°*T 86747°T C69%°lT 





GtSy*l 0ES9°T 


L849°T 
i ‘ 
TZ99°L SIoo°l 609%°T tO0¥y7°] Lorri Zoer7*T 96E47°T Obeo*T 9LEO°T 





o°s2 














77° 9co7°t 


0°92 





7° S9Ce°l C97 T Sseyx°i Ose+7*t 277° T wceoeT 2ceoet 
it? t B9C% 
o7°T co2e7*l St2o°l og2y°T C2247°T STt29°t 6O02o°T lo02e°1 


: i 
thot TOT¢°T ¥00%°T 980%7°T 6L0%7°T TL07°T 90%7°T 9S04°T 840%°T 


GZeyel 6TeEe*l €ley*l O°s2 















7614°T vete*t Telyel 0°€e 





070%°T 


ccOv7°T O° 2d 
-e OO nn — eee Se 


07° 7c0%°T 9109°T 800%°1 000+7°T 2cb6e°i 9Boc*l 9260 °T 
10% 


dE°% 


L£96€E°T 6S56¢ °T 1S6¢€°T 0°02 
Beret CLE OBE °% 0°6 
I BI8Ee°l sOse°t 65le°l 6eze °T O8Le°l Olle °T o°et 
se ee 57 58 ee 37 se ae 6 ad ee 07 ee 2 2 ee ee 07 2 eo) ee) 2 |) 1 | be 9 
-9E°T 659° O79t*T Bee *T 


SS 

























SSHE°T S9ute°l D9EBET L2bc° 





‘su°T Osse°l BESE*T ecse*t SISEe°*t cOse’t Tove ?i 6ive°l LOE PT SS¥E°T 


ute & & SG 
ceed Odce*t Succe*l cLct*l esccci 99Cr*T Oecerl Sicte *T TOcE*T 98Te°T 


Coxe °T O°st 





TLZTE°T O°eT 


2 4 dic 7OUr o¢ 

ert Jooe*t bLoe*t cyec*t oo vvoZ*t—Zoz*t = OHZ*T = Toez*t =ekBZ*T)eSezZ*t = oeez t= OF tt 
————_-_———————————— nS —s—X OE NS 
cde? 218¢°T Boies Siceci SS6L2°7 6eLc°T ellz°l 8692 *T 2292°T 3S92°T SE9¢ PT o°oT 

- s 9 S L¢? 9 oc? y 

92 °T OveZz°i 9St/e°l beE CTT corer SLEe2°T o7ée°T Tee22°T tol2°l s9ic°t 9c1/e°T o°8 

oe © ag ee 12 el 7 oe a 0 ee Te 2 1 9:2 2 oe 0 Ge | hy Se 


nn 


































aT Beci®l fxelel S¥Ztel vecl*t SBIT*T BETIeL 9v01°T tcOor°l 9i60°T 2260°T O°s 


00°C — G0" TUE TOT CTO" TCU 7 7 t 

720°T 99TO°l z2s00°t 7o066°0O 2000°0 9080°0 9046°0O 1096°0 T6%8°O GLE5°O €SZ6°0 Ore 

3 to) su & o 

igZ°O 9¢2i°O 7769°O LT99°0O 97¢29°90 Tees°0 Tees°o 9149°0 Bot °O L962°O *"O- O°T 

Seep ge en we a ape ee ee = OR eS pe ee ee es 
cal & e°°0 8°O L°9 9°0 S°0 %°O0 c°0 z°0 T°0 °0 Vd/fid 


OT STS SET VIO LST KX VIGV-IVOERI YAW OSUTAIO_ISHSRL SSO sss 
(3ANSS3¥d ANIIUWY OL ATIVIIGOWINISI J3GNVEX3 S3SV9) 
Sa a ee Ce ne ee re av 
. BMILIWVUVG ASNYBHL SSOWVD JIdOVINIS! 














Teomieg ence pee tn eee ge tg A Se RE a 





8097" t099° T8999 EM 9e lL BL97" 1 LOFT 99a L499" TL S97 i e971 ede tl  E 


oryy7* 1 EV97°L BED TT ce 9¥7°l ye2u7°*i eé97°l GI997°T Zly7?t Lugee7e?t 2599°T 265%°T c°6z 








L659" 1 Tos’? l SbS9°l Teso*l stS7%i vd GT 29Se*T 6S69°1  _eo5e°T_ u%So*T 27Go°} y* Be 





C7so°T deS7°l) UG Lt) OGZS7°T)CS7°1) OP ISe LSet) Gee *l)) doe i ol6o7 tT gaye" { on 
9S77°1 usvy*T 779% * 7 vevoci 


Gudoe?h uber? WL77" 1 b9e77°T (ah ae 





Geral deat vive duel Laeett__ Sorel vey lteter i__9deet heer eed 














Evey?t  LSe7 tl oSe7l wees, Lervri Lecv°l oder dtevth lier? tue tt) dott uro2 


£6c%" i voy 78c%7° 1 éLev°l vider? i €927°T  9G2@9°l beet cver* i GEZe°T Leevet J°te 





re Tyr. rs 0x 1h ny. ch er ae Cres ete ae Tie th a Pec oh rs Se ok nt 2. 22 ae [20 <0 an Lee 
osle?l Ovle°l  welv*i  Tele®t  c2le*l  sliv*l  Lole*t _voue*l lo oe*l —eS ae tl Gd TZ 











SLu7"*T 49 u7°l oSue°l isuy'l c7 a7 I ae a7? T 92u7°T Livy" but7°T vIn T f66r. "1 Be ud 





Zout*l  eboe’l vLoe°l  99or°l LSoe°l Bvbeet Gx6E°l vtot’l T2oe°t  Ztoeri EuoE TI Jeol 


Evoe’l Covel yeve*l GLHE oT South GbE vue? eeee lt scne*l lst? 1 _ gugett Gest 





dust T Loie*t £6Le°l dder°t L£9ze°l dsde®t 97Le°1 Gretel 92ic°T sTle ule *T vr dl 


iP) eee | So9r"l txuyr°l ceoverl Teste %t uSvert orse*t Leoe%l yTve*t eon Coase? vi 91 


cCOSESL ZbGe tl VlyE*T bose tl eset vesetl  22oe°d cise dee shoe th Zee tt 




















caver v9 7EP1 Looe °T ever ST ee | vere? tT sore*l lvcect s9tt ci 9SEc*l ure? t veal 





v7ee °l Sere el cle *l voce" l v8ct*l 69cerl GSce°* tL vee *i GSeze*l side *i_ __—Gole*t v* el 


Gole’l  oble*h O91E°L  wrie*d  Cefe*l Gilteel vole Oi veel LOR TT TST vErE*T teat 
Ear tt Lbue®l _ob02° 2uee*l  r¥od*l = v6e*T doe? ioz*l eee tee ee" eGe2*t oat 

















6 
Sive*l 6sed*T 79LCe°U at etec* Tiee?l vec2°l 99¢2°t_ _bdee Tl eee T2Te° evte*t o°& 
L 
9 


6iv7irl sicl*t weciel 


























eSvc*T yeuc*l vive*t SoLc*i Sed2°t___owS22°t_ ekeoi ce Tle ft 2692" 1e92°t o79e"T wv’ 





ov79c°l dc9e*t Su9CceT Cube7l oSSc°T 9eS2°T vIsc*i os7c°T 797C°T s77e°U Sl¢7e°l u° 


cvIz*t Z1ac*h Teuz° void? l olsec*t dvol*l 7561°T T2oret LtoT*tT 2Svirt LTut*t u° 
dtvicl Toezt*l Veli Gsli*l vy9T* 1 ree oe § susl*i 27st Sust* c97L* I olyi*l v 





Lodi h cect | ZHU LETTE Oka tt Seated wloott__etlowl v's 











elou'l 758u°l vocu°l Tedu’i  Ly9s*h vest 2esuet W99vert weet Zee OCEZ ETT Ot 
CE2v°L Styl  S9vu°l ss LdO6*S = ddO°G «= BLOT _ £8969 —sivGb°U__—Tav6°D SES ZEZOtU "tt 
Cedo*°y-—s EULOGY ~—Ss-99HH*G idbe*y «L998 Y)— ss EUSBoU EY) «= GEIB°D) SEL TG OSTLL* UD) kek U2 


¥i7L*0 vici*G d1o9*u vos9%y ucc9*u SolS*v 96¢S"%u 7699"%S Scot *yu Se" bl tad 











a 6° 8° deus YG SF se he Oe ee c°u Tfu uv vd/Fid 
(4auNSS3dd WwiOk 437 X V3YV AVOUHL) AG GAGIATO 1SNsHL SSOB9 


7 (3aNSS3ad ANSIGWV OL ATIWIIdOUINIS] OGIONVaX3S S3ISV9D) 





72° T=VWRVD 
UILANVUVG ASNYHL SSOBD I1dOsLNISI 


a LS 





v4 = . 


ok : : : : } 


no ee eee nese sapere: GEE Lecce neaae ene 2 an ates oe maaceinaten es te oe ar eee 

































olsit*t CBLi 







“| 6° 








Tlayet GuLz7*} vbLeo°l 
£599 2594" 
fue" T 96591 eset 
2 €9Se*l LESe Lies ye] 


Sisve°l Tlyy7?y Vu7y? 1 

UST? I t7e7°i bt ee § 

BSLCv°T TLe9°T t9o°T 
q 


SISE°T CO%E°T OoLve°T 
ULEC*i SSterT Ty7EC TT 
LY 9UCETT vote *T 
._ £SJ€E°7F GE vEcT ceue*l 


_._£Lee*t ESBberT €tuz*l 
S$992°7 Cvez°T vc9c rl 
Lév2*t Tuv2*t 


6712*T 6ile*l 








CILG*T 4Si9°1 CSL9°T 






999%°*1 








ah ae | Si74°T 69%%°T 











C72e°T Teze°T ucie*l 









Sitec*l 
yeGc*T 
*T svei°%i 





; Slelet teet*l vcet*l 

S$060°1 Seyu'l 9bLLwl 
8I20°T Stiv*l Oseurl 
T1c6°¢ TBE °O 7¥6b°O 
499L°9 eetity 0689%U 


) %°od 


Deen ate 
anc Kins it a etn 











£994°T 2£977°1T 
R6ES°T Tees" 78e7°T Lito adie el 79EO°T 2Geh°T 
octyl ler? oIty?l LJdevet 
9S¢e0°T i ee ae | Tv2o°l Ctcori G22n°T 
oii? ThToet CFT Yo" 1 SSt97°i 


C6SEPT 


£2tec*l 
va2le?l 


Ovuut* I 986e°T 8962°T 6762 °T sE52°T T15¢°t Z6R2°) 





I €oe2°t kez ts see't 

















Fag a NE eS 
Loiy?t CvL7°% étly7*I LEL ey 9h YT Teieet STiovti T 
G699°1 vooy?T 789%9° T 619° 7295 °T 899%"° 

19997° GE9¥*] UL94°T 9294° 7 6197°T 
9uGe7*i oLS47°T 
SZS4°I ose" £US7°T 20S 7°7 Tusy*t 26 oH°T URS] z 







tee°i berth ie 











T C99%°T L£699°T 2°62 
195°] L59o°T ZUS9°1 2°82 
tiov7*l L9So*t 19G>°] SSS¢°T 69S%°[ €7S7°T C°i2 





















eyer*l 2°92 
a ERY FT 38892 
3So4°T 9977" T Levoet Tho ?T Lk Gy Ace | Le Ge acaeee | 3°S2 

























BI2y°T st2eyet CU29*T 0°22 
baa Seen | Stoel JET>*T 2e2to*t v 









T L359" EV? Sue? 1 Ss 


5%? T Go e*e ji v°O2 
i ees e Pea ’ e -~ @ = 
Vviuy' ft Jur7?T Tobe CBOE T 


cL6E °T 496 °T GSE 1 Gro€e ct 0° 6T 


L68C°t ive £e8eci Lone? Sbz° Love? 0°98 















VTbeel GIBETT SOLETT SBLEeT VLLE PT 4SiLeT ESLE°T Coley 2°LT 
buir*l L69E*1 


989c*l 





259° wore*l B24xe rT 2°91 


















Jesse’ BISe *T SSsE*T EVSEPT GESE*T LTSE°T Suse*t O°ST 
S99ET Ca7e°T 6toe*l Sever Ttvecl BOLE eT *3tc°l vltect o°oT 
CUE*i L6cecT CUce*t L£9ee"T CS2t*t 


£ece*l T2ér*l 2°eT 
Tare rt wLSE°l dsuc*tl O°?eT 
ELBe2°T 3° 











3ste*t isle *l Szterl BUIEcT 




















wtlc*T 6vi2"T L992°1 S992°T o°oT 








dose*{ = vaSe*i SS2*L 9z@s2°t ce? kde 26h2° 

byez *t 
dsee*L  Seu2"l Zowi* Tt GSol*l ~~ Szol°l sou 1 
2uLt°l 4991 


Tere? 





9627" 1 99Z22°T devc2*i 















6 
GueZ"t_s2T2°T by tzet ont 
SSBT°T «= 6TBTITT..) Ook 
—S¢e9UtT Best 2eSt*t oeSt st 19et*t —stet*t3¢9 
—BUSt Test’ test tS Tote ttt 


























P_e220et dette 2a t eet t etter zosset suenet ges 
T2La"t  9S9S*T  obSUrT Ozsu"T veut Lec L Be2u"l Bia ae ory 
v3ob6°) L966°G wil6°D 8996° 4 C955%y 1S46°) 9EES%O TiT2z6°t v°e _ 
86l8°%uU 77 9B8°O ol? *y COxrek ey 7b? sg vlol*u BSIL YL L£9%2°S o°2 
E9S9"y _€6T9"y  692S*u _Z475°3 99%, LEBEN) DE BZD *C- yt 








9° % S*y o°u €°u eru Ic "0 Vd/Tid 
(JMASS34d Widk a3r x vauv AVOdH1) AD GIQIAIY LSNYHL SSUND 
(3dNSSJad ANITHWV O14 ADIWIIdOAIN3SSI GIGNVdX3 $3509) 














f2°L=V WAYS 
HILIWVAVd ASNGHL SSOUD DIdOYIN]S] 


eS oy 388 ; 














leso°t Scse°l Leuv*t SIS%°T aley?T SCvo°T 6629°T 76L9°T ORLY T chlet RLL9°T O°ce 
BLiO°T tii? L9L%°1 e9le*t 9sl7*] Ts29°T Sylo*t pele? t vELy°l 62L4°t €2L%°1 2°62 
tcio7*T dte9°t C1L>*t 909° Gul??? 1 $699°T o89%°T tk99°T LLO4°T 1299" T 9994%°T C° 82 
9999" T G99" 27S9%"I 875%° 1 £79 9° 7% 9E99°T vE9e*T 7297"° 1 8194774 
Suds" 66S%°1 €6S9°T Lesoel Osseel 9LS%°T 89G9°T 239G4°T SSS9°T 69Se°T 2%S7°T 0°92 


























C7S97°T 9ESa°T 62S%7°T ECSa°T 91Se*s VIlSe?T tusr7°l 9679°T 9679°T ceerr7et GLo7?T o°Se 
947° o9%e* I C97" T SSoo°T b479°T C47? I GEoY*T Aevy*t fo? 
9079" 66t9°T 2oe7°T Soto*l ddtvel OLE T £9€7°I SSt%°T Boeo*T Joe eel €tcr*l O°€e2 
__ Seer? Sct7°l dlev*l ClE7*t ZJE7" I 462%" T t : 
SS2o°T A929°7 6€2%7°T Teco 22Z29°T 9TZo°T 9ucerl BETS°T 68le°t Talert 2Lio*t G°t2 


LT 


eCL 9? yt EO? 
o8u9°Tt Giiv*l 99047" T £9U4°T CA he a 6luyv*t : 
T66E°T T66E"T Tloc°t T90e°T 1s6t*T Te6e°T Teese et Tot °T TIo€*T Laat t Jose? T u°st 
vose*l Jese*l o9ve*t 6Seerl u7BEert i e2becl é 
cB.e*l T2Le°t o92e°T 69Le°T deLe*t 92Le°T i Ye oe 2CLeet 069 °T BLIE°T O9FE°T a°9T 
999e°T 7S9t°T coer ocge*T 2£19C°T vogerl 26SEt°T 6LGE°T Q9GE°i €SSe°t O7SE*T O°stT 
___ Y*serl 92Ge Pl Else *T GuSt *T 9B%e*T Zlvect RG%EPT yore tT vEVE*T 9T9€ *T Wd eee | sot 


CuvE*T Lyce*t cLee*t BSEETT CvEC eT eg T elee*l L62E°T cHcE eT 99ZE°T OGer °T uel 
cert VECE*T Sice*t 23ce"l S8Te* 51° c ° e° ° 


CGIE°I S9IE°T dour? BeZuerT aTuceT ieee if 2loc*t €962°T 7L62°% ST52°1 G6R2°T hae 



































































S682°T Si9Z° ¥osc*T venc*t Elst coLz°T TLicet 67L2°T Leer S22e°T eR9z°T 













vol 
C892°T uv 9S*T —LEGZ]°T E92 *T—OGZ*T —999GZ2*1 easel A 1G2*1 266 992°  Oeez*T 06 
O772°T =o olez°T = BUEZST OO OGEC*T OcEEZ*T OGuEZ*T OLL2@Z°T) Oee2z°t) OT zz7*t)) eRt2*t) OST e*t)) oon 














8siz*t Scte*t 96 uc" 1 790E°T CEuvee ht b66iet TESt* PERT TT DORTS 
a2 Sa | 9BLT°T 67L1°T GT2T°T O29T°T ucott 6esi*t Lostel eCsT*T I5oT*T Stott 9°9 

















4680°T 2ceu°l Siivcrt 2iiv*l 999 9°T 62Su°T 60S6°%1 Level Z9EC%T 7B825°T %32O°T v4 
9Gcu°T T2tort VEU T 9766°9 USH6°CG 2S16°G 6S96°) &7S6°0 T€ 76° 4 elzrs°d 6RTS°O cre 
6816°% 6$06°C 1z68°0 S$ii8%y J298PRG : i HEGeeY 7RELTD 29gi* 5 

Teés2°o 9STL°O £989°9U 9€S9°9O L£9T9°9 t7Lo°U 992S°0 L99¥°S L8b6E°O a282°O *0- Ort 

















baa & ‘ 6°9 B°u L°*2 9°) GS°*y %°G g°v @°% T°o *U v¥d/fid 
(3NNSS3H¥d Widl L3f xX V3xHV LVOHHE) AG AIQIAIO 1SNan1 SSov9 
(3ANSSIYd ANSIGWVY OL ATIVIIGOMIN3SSI JIGNVdKZ S3SV9) 








O2 *T=vHHv9 





YILIWVUYd ASNYHL SSOu9 JIdOVLINASI 


ne LY athe, wit BROT a sat ee eee te te fae Fae din deer wig. 

















F16 


I 
{ 
i] 
| 
I 
; 
| 
| 


Appendix F (continued) 





Tabulation of: 


Isentropic Gross Thrust Parameter, 
= 
Wg wT, 


where 
Fg is ideal gross thrust (lbs) 
Wg is gas flow (lbs/sec) (. 
Te is gas total temperature (°R) 

The parameter is tabulated versus the ratio of gas total 


pressure to exit static pressure for values of the ratio of 
specific heats from 1.4 to 1.2. 
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Appendix F (continued) 


Tabulation of: 


a. 


De 


Specific Heat at Constant Pressure, 
Cy (Btn 1 1b° R) 


The Ratio of Specific Heat at Constant Pressure 
to Specific Heat at Constant Volume 


The Gas Constant, R(ft 1b/1b °R). The tabulation of 
the parameters is versus static temperature in °R 
and fuel-air ratio. 
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